These TWTAs were characterized over the frequencies 25.5 to 25.8 GHz. The saturated RF output power is >40 Wand the saturated RF gain is >46 dB.
I. INTRODUCTION
The Lunar Reconnaissance Orbiter (LRO) is the first mission in NASA's Vision for Space Exploration, a plan to return to the Moon and then to travel to Mars and beyond. The LRO objectives are to find safe landing sites, locate potential resources, characterize the radiation environment, and demonstrate new technology [I] . NASA desires to transmit to Earth the planetary science data and video images of the Moon from the LRO at much higher data rates than the Apollo missions. The higher data rate requires higher power microwave amplifier. The amplifier has to have high efficiency since the DC power onboard the LRO is limited. In addition, the amplifier has to have very high reliability since the LRO operates in a harsh environment with high radiation and extreme temperatures, which extends over two years.
Vacuum electronics based devices for space applications such as helix traveling wave tube amplifiers (TWT As) have demonstrated high on-orbit reliability at microwave frequencies [2] . In addition, TWTAs can deliver much higher RF output power with higher efficiency at K-Band/Ka-Band frequencies than MMIC based solid-state power amplifiers (SSPAs) [3, 4] .
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In this paper, we present the RF performance characteristics The WR-34 waveguide lowered the total attenuation of the signal in the waveguide run between the TWT output and the antenna, which enhanced system efficiency.
III. REQUIREMENTS FOR THE LUNAR RECONNAISSANCE ORBITER TRA VELING-WAVE TUBE AMPLIFIER
A brief set of requirements for the LRO TWT and EPC are presented in Tables I and II. The TWT has a four-stage collector circuit for high 
A. RF Output Power and Phase Shift
The measured relative RF output power and phase shift as a function of the input drive level is presented in Fig. 2 . These measurements were carried out at the center frequency of 25.65 GHz. The output power at saturation is 46.22 dB or 41.88 W, which exceeds the requirements of 40 W. The phase shift through the amplifier, as the input drive is increased from small signal to saturation drive, is about 30°. The saturated gain compression is 6.09 dB and the saturated AM-to-PM conversion is 3.5°/dB.
B. Saturated RF Gain
The measured saturated RF gain as a function of the operating frequency range is presented in Fig. 3 . The saturated RF gain is about 49.25 dB across the operating frequency range and exceeds the requirements of 46 dB.
C. Saturated RF Output Power
The measured saturated RF output power as a function of the operating frequency range is presented in Fig. 4 
0"5. 
E. Noise Figure and Second Harmonic Level
The measurements made at the center frequency of 25.65 GHz show that the noise figure is 29.97 dB and the second harmonic level is 23.52 dB below the fundamental.
F. Small Signal Gain and Phase Shift
The measured small signal gain and residual phase shift as a function of the operating frequency range is presented in Fig. 6 . The small signal gain ripple is 0.46 dB peak-to-peak, which is within the requirements. The residual peak-to-peak small signal phase after subtracting the linear phase component corresponding to a group delay of 3.798 nS is 2.02°, which is also within the requirements. the operating frequency range of 25.5 to 25.8 GHz, which is within the requirements. Frequency, GHz 
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The input filter in the EPC was designed, manufactured and implemented within the physical limitations of the EPC package. This filter did not adequately suppress the conducted emissions from the EPC to the bus. Hence, in order to meet the LRO requirements an external LC filter, which effectively reduced the nonconformance to zero, was designed, manufactured and inserted between the EPC and the bus.
V. CONCLUSIONS AND DISCUSSIONS
The performance parameters of a state-of-the-art compact Tables I and II. 978-1-4244-7732-6/101$26.00 C2010 IEEE 1403
The TWT A onboard the LRO spacecraft has flawlessly Innovations of the year.
